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(54) Demodulating apparatus for OFDM signals 



(57) A demodulating apparatus according to the 
present invention is one for demodulating a modulated 
signal obtained by modulating a plurality of carriers hav- 
ing different frequencies, and includes a data demodu- 
lating means for demodulating data by frequency-ana- 
lyzing a time waveform of the modulated signal which is 
formed of a data period formed of one modulation time 
and a guard interval succeeding the data period and 
which includes in the data period a period having corre- 
lation with the guard interval and provided at a position 
away from the modulated signal by the one modulation 
time, a correlation means for detecting correlation be- 



tween the guard interval of the modulated signal and the 
period in the data period having correlation with the 
guard interval and provided at a position away from the 
modulated signal by the one modulation time, and a syn- 
chronization signal generating means comprising the 
correlation means and for generating a synchronization 
signal based on a detection output from the correlation 
means. The correlation is detected in a predetermined 
period which is 1/2 as long as each of the guard interval 
and the period having correlation with the guard interval 
and in which correlation can substantially be detected. 
Therefore, it is possible to shorten a time for generating 
the synchronization signal. 
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Description 

The present invention relates to a demodulating ap- 
paratus for demodulating a modulated signal obtained 
by modulating a plurality of carriers having different fre- s 
quencies by using data. 

As a modulating apparatus for demodulating a mod- 
ulated signal obtained by modulating a plurality of car- 
riers having different frequencies by using data, an ap- 
paratus for demodulating an orthogonal frequency divi- 10 
sion multiplex (OFDM) modulated signal (hereinafter re- 
ferred to as an OFDM modulated signal) employed in a 
digital audio broadcasting (DAB) or the like carried out 
in Europe has been proposed. 

In this OFDM modulation, data such as audio data is 
or the like are encoded by using a modulated signal us- 
ing a large number of carriers whose frequency compo- 
nents have orthogonal relationships with one another, 
and the encoded data are allocated to the respective 
carriers to thereby modulate the respective carriers. 20 
Further, a digital signal in a frequency domain formed of 
the respective modulated carriers is converted by in- 
verse fast Fourier transform into a digital signal in a time 
domain, and then the digital signal in the time domain is 
converted into an analog signal. When the modulated 25 
signal is demodulated, the OFDM modulated signal is 
converted into a digital signal, and then the digital signal 
is subjected to fast Fourier transform, thus the encoded 
data allocated to the respective carriers being obtained. 

In the OFDM modulation in the DAB, the respective 30 
carriers are subjectedto a quadrature phase shift keying 
(QPSK) modulation by allocating one carrier to a two- 
bit data each. Therefore, this modulation is referred to 
as OFDM-QPSK modulation. 

In the OFDM modulation, the point number of the 35 
fast Fourier transform corresponds to the number of car- 
riers. According to a DAB standard, the point number is 
changed depending upon modes. In modes 1, 2, 3, 4 
thereof, the point number is 1536, 384, 192, 768, re- 
spectively. Accordingly, if the mode is the mode 1 , it is *o 
possible to transmit data of 2 (bits) x 1536 = 3072 (bits) 
by the OFDM modulation. This transmission unit is 
called as a symbol. In the modes 1 , 2 and 4, a group of 
seventy-six symbols is referred to as a frame, and in the 
mode 3, a group of one hundred and fifty -three symbols^- .45 
is referred to as a frame. Each of the above numbers of 
the symbols in one frame does not includes the number 
of a null symbol. 

Synchronization is usually adjusted by adding sev- 
eral synchronization symbols each formed of a synchro- so 
nization adjustment data to a head of one frame. Ac- 
cording to the DAB standard, of the seventy-seven sym- 
bols or one hundred and fifty-four symbols (both of 
which include the null symbol and are respectively those 
in the modes 1 , 2 and 4 and the mode 3), two symbols ss 
including a null symbol are employed as the synchroni- 
zation symbol. A demodulation side (reception side) 
compares amplitudes of a real-number portion and an 



imaginary-number portion of the synchronization data 
subjected to the fast Fourier transform with an previous- 
ly held amplitude of the normal synchronization data (i. 
e M an amplitude of a synchronization data practically set 
by a transmission side) to calculate a difference be- 
tween synchronization phases upon fast Fourier trans- 
form. Further, the demodulation side adjusts a timing of 
the fast Fourier transform in response to the synchroni- 
zation phase difference to obtain synchronization. I nth is 
method, since the synchronization can be obtained only 
once in one frame, it disadvantageously takes a consid- 
erable time to obtain synchronization. 

A synchronization generating processing for gener- 
ating a synchronization signal on the demodulation side 
(reception side) based on the signal obtained by con- 
verting the OFDM modulated signal into an analog sig- 
nal will be described. The above symbol will be de- 
scribed with reference to FIG. 1. The symbol is formed 
of a guard interval positioned on its head side and an 
effective symbol positioned on its end side. The effective 
symbol includes a period having correlation to the guard 
interval, i. e. , a period havin g the same signal portion and 
the same interval on the end side thereof. 

An original signal (e.g., a symbol of mode 1) shown 
in FIG. 2A is delayed by a time corresponding to a an 
effective symbol period in the symbol. A signal of a pe- 
riod on the end side of the original signal shown in FIG. 
2A corresponding to the guard interval (whose period is 
about 1/5 time as long as the symbol period) and a signal 
of a guard interval of the delayed signal shown in FIG. 
2B are stored in a memory, and then both of the signals 
stored in the memory are multiplied with each other by 
using a digital signal processor (DSP) or the like. A prod- 
uct of the multiplication is integrated by a low-pass filter, 
thereby correlation being detected. Then, since the sig- 
nal on the end side ol the effective symbol of the symbol 
of the original signal which has the same interval and 
the same signal portion as those of the guard interval 
and the signal of the guard interval of the symbol of the 
delayed signal are the same, i.e., have the same corre- 
lation with each other, a correlation signal having a rec- 
tangular waveform (shown in FIG. 2C) is obtained. 

If the correlation signal is subjected to interval inte- 
gration (moving average) using a width of time corre- 
sponding to the guard interval in the symbol, then there 
can be obtained as shown in FIG. 2D a signal which has 
an axial ly symmetric triangular waveform and which 
starts being inclined upward at the rising edge of the 
correlation signal indicative of correlation and having a 
rectangular waveform and starts being inclined down- 
ward at the trailing edge of the correlation signal. As 
shown in FIG. 2D, the signal obtained by subjecting the 
correlation signal to interval integration is compared with 
a threshold level TH slightly lower than an amplitude lev- 
el of the practically obtained triangular wave signal, and 
thereby a noise is removed therefrom to obtain only the 
normal signal obtained by subjecting the correlation sig- 
nal to interval integration. A peak position of the signal 
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obtained by subjecting the correlation signal to interval 
integration is discriminated, thereby a time synchroni- 
zation signal synchronized with the discriminated peak 
position being generated. 

A guard interval removal signal is generated based 
on the time synchronization signal. The guard interval 
in the signal obtained by converting the OFDM modu- 
lated signal into an digital signal is removed by the guard 
interval removal signal and then the timing of the fast 
Fourier transform is controlled based on the time syn- 
chronization signal. The time synchronization signal is 
also used when data of a signal subjected to the fast 
Fourier transform is decoded. 

A phase of the time synchronization signal is dis- 
criminated. Based on the discrimination result, a fre- 
quency synchronization signal is generated. The time 
synchronization signal is converted into an analog sig- 
nal, i.e., an auto frequency control (AFC) signal (fre- 
quency control signal). An oscillation frequency of a lo- 
cal oscillator for frequency conversion is controlled 
based on the AFC signal. A RF reception signal is thus 
frequency-converted into a signal having an intermedi- 
ate frequency, and then subjected to the above A/D con- 
version. 

At present, the known DAB signals are signals of 
modes 1, 2, 3, 4. A determined basic period thereof is 
T (=1/ 2048000 sec = 0.00048828 nsec). FIG. 3 shows 
a structure of the DAB signal of the mode 1 , by way of 
example. In FIG. 3, the basic period T and time are both 
indicated. One frame of the mode 1 DAB signal is 
196608 T (= 96 msec) and formed of one null symbol 
(symbol number 1=0) having an interval of 2656 T (= 
1.297 msec) and seventy-six symbols (symbol numbers 
1 = 1 to 76) succeeding the null symbol and each having 
an interval of 2552 T (= 1 .246 msec). 

Each of symbols having the symbol numbers 1 = 1 
to 76 is formed of a guard interval having an interval of 
504 T (=246 (isec) and an effective symbol at the suc- 
ceeding position and having an interval of 2048 T (+ 1 
msec). Effective symbols of the respective symbols hav- 
ing the symbol numbers 1 =1 to 76 include multicarriers 
of the number of k = 1536 having frequencies different 
from one another. A carrier indicated by 0 is a carrier 
having a center frequency (a period of the carrier is T). 
A carrier indicated by 1536/2 (=766) is a carrier having 
a maximum frequency, and a carrier indicated by 1 536/2 
(=-766) is a carrier having a minimum frequency. A data 
amount of one symbol includes 1 536 waves, and a data 
amount thereof is 1536 x 2 bits, i.e, 48 capacity units 
(CU) x 64 bits. 

The whole symbols having the symbol numbers 1 
= t to 76 are referred to as an OFDM symbol. 

In case of the mode 1 , for example, the null symbol 
having the symbol number 1=0 and the symbol having 
the symbol number 1 =1 are referred to as time frequen-' 
cy and phase reference (TFPR) symbols, respectively. 
A set of these two symbols is referred to as a synchro- 
nization channel (sync, channel). Symbols having the 



symbol numbers 1=2 to 4 are referred to as fast infor- 
mation channels (FIC). The whole FICs are divided into 
twelve fast information blocks (FIB). The remaining 
symbols having the symbol numbers 1 = 5 to 76 are clas- 
5 sified into four common interleaved frames (CIF). 

An interval of each symbol of the DAM signal is dif- 
ferent depending upon the mode. An interval of each 
symbol of the mode 2 is 1/4 time as long as the interval 
of each symbol of the mode 1 . An interval of each sym- 
10 bol of the mode 3 is 1/8 time as long as the interval of 
each symbol of the mode 1 . An interval of each symbol 
of the mode 4 is 1/2 time as long as the interval of each 
symbol of the mode 1 . 

Specifically, in the mode 1, the interval of each of 
is the symbols excluding the null symbol is 2552 T (= 1 .246 
msec) as described. In the mode 2, the interval of each 
of the symbols excluding the null symbol is 638 T 
(=2552T/4)(=312 usee (= 1.246/4 msec)). In the mode 
3, the interval of each of the symbols excluding the null 
symbol is 319 T (=2552T/8)(=156 usee (= 1.246/8 
msec)). In the mode 4, the interval of each of the sym- 
bols excluding the null symbol is 1276 T (=2552T/2) 
(=623 usee (= 1.246/2 msec)). 

In the mode 1 , the interval of the effective symbol 
in the symbol other than the null symbol is 2048 T (= 1 
msec) as described above. In the mode 2, the interval 
of the effective symbol in the symbol other than the null 
symbol is 51 2 T (= 2048 T/4)(=250 usee (= 1 msec /4)). 
In the mode 3, the interval of the effective symbol in the 
symbol other than the null symbol is 256 T (= 2048 T/8) 
(=125 u.sec (= 1 msec /8)). In the mode 4, the interval 
of the effective symbol in the symbol other than the null 
symbol is 1024T (= 2048T/2)(=500 usee (= 1 msec/2)). 

Further, in the mode 1 , the time of the guard interval 
in the symbol other than the null symbol is 504 T (= 246 
usee). In the mode 2, the time of the guard interval in 
the symbol other than the null symbol is 1 26 T (= 504 V 
4) (=61.5 usee (= 246^sec/4)). In the mode 3, the time 
of the guard interval in the symbol other than the null 
symbol is 63 T (= 504 T/8) (= 30.75 (isec (= 246 usee/ 
8)). In the mode 4, the time of the guard interval in the 
symbol other than the null symbol is 252 T (= 504 T/2) 
(= 123 usee (= 246 u,sec/2)). 

In the above apparatus for demodulating the OFDM 
modulated signal, when the synchronization signal is 
generated, the original signal which is the OFDM mod- 
ulated signal is delayed by a time corresponding to the 
interval of the effective symbol of the symbol. Further, 
the signals of the periods, corresponding to the guard 
interval, of the original signal and the delayed signal are 
stored in the memory. Then, both of the signals stored 
in the memory are multiplied with each other and then 
the product of the multiplication is integrated by the low- 
pass filter, thereby the correlation being detected. The 
correlation signal having the rectangular waveform and 
obtained when the correlation is detected is subjected 
to interval integration, thereby the signal having the tri- 
angular waveform being obtained. The synchronization 
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signal is generated by discriminating a peak of the signal 
having the triangular waveform. Therefore, if the TFPR 
symbol (second symbol) of each frame is analyzed, then 
it is possible to shorten the time required for obtaining 
synchronization as compared with a system of estab- 
lishing a frequency and time synchronization. 

However, as the time of the guard interval is longer, 
then number of multiplications for detecting correlation 
is increased. This increase requires a lot of time and a 
larger consumed power both for generation of the syn- 
chronization signal. Moreover, this increase requires a 
memory of a large capacity. 

SUMMARY OF THE INVENTION 

In view of such aspects, it is an object of the present 
invention to provide a demodulating apparatus which 
demodulates data by frequency-analyzing a time wave- 
form of a modulated signal that includes a plurality of 
carriers having different frequencies modulated with da- 
ta, is formed of a data interval formed of one modulation 
time and a guard interval accompanying the data inter- 
val and has an interval having correlation with the guard 
interval at a position away from a modulated signal by 
one modulation time, and which can provide a shorter 
time required for generation of a synchronization signal, 
a smaller consumed power required for generation of 
the synchronization signal, and a memory of a smaller 
capacity. 

According to an aspect of the invention, the demod- 
ulating apparatus is one for demodulating a modulated 
signal obtained by modulating a plurality of carriers hav- 
ing different frequencies, and includes a data demodu- 
lating means for demodulating data by frequency-ana- 
lyzing a time waveform of the modulated signal which is 
formed of a data period formed of one modulation time 
and a guard interval succeeding the data period and 
which includes in the data period a period having corre- 
lation with the guard interval and provided at a position 
away from the modulated signal by the one modulation 
time, a correlation means for detecting correlation be- 
tween the guard interval of the modulated signal and the 
period in the data period having correlation with the 
guard interval and provided at a position away from the 
modulated signal by the one modulation time, and a syn- 
chronization signal generating means comprising' the 
correlation means and for generating a synchronization 
signal based on a detection output from the correlation 
means. The correlation is detected in a predetermined 
period which is 1/2 as long as each of the guard interval 
and the period having correlation with the guard interval 
and in which correlation can substantially be detected. 

Therefore, since the correlation is detected in a pre- 
determined period which is 1/2 as long as each of the 
guard interval and the period having correlation with the 
guard interval and in which correlation can substantially 
be detected, it is possible to obtain a demodulating ap- 
paratus which can provide a shorter time for generating 



the synchronization signal, a smaller consumed power 
required for generating the synchronization signal and 
a memory of a smaller capacity. 

The present invention will be more clearly under- 
s stood from the following description, given by way of ex- 
ample only, with reference to the accompanying draw- 
ings in which: 

FIG. 1 is a diagram showing a symbol; 

10 FIGS. 2A to 2D are timing charts used to explain an 
operation of a demodulating apparatus; 
FIG. 3 is a diagram showing an frame structure of 
a DAB signal of a model 1 ; 
FIG. 4 is a block diagram showing a transmitting ap- 

15 paratus (modulating apparatus) according to an 
embodiment of the present invention; 
FIG. 5 is a block diagram showing a reception ap- 
paratus (demodulating apparatus) according to an 
embodiment of the present invention; and 

20 FIGS. 6A to 6F are timing charts used to explain an 
operation of the reception apparatus shown in FIG. 
5. 

DETAILED DESCRIPTION OF THE PREFERRED 
25 EMBODIMENT 

A transmission apparatus according to an embodi- 
ment of the present invention will hereinafter be de- 
scribed with reference to FIG. 4. A data generating cir- 
30 cuit (encoder circuit) 1 is supplied with audio data and 
other data (e.g, data concerning a music, such as a title, 
a name of an artist, words or the like, data of news, traffic 
information, still picture or the like, and so on) from input 
terminals 3, 4 and encodes the supplied data to then 
35 supply the encoded data to an OFDM modulator 2. The 
OFDM modulator 2 subjects the supplied modulated 
signal to an orthogonal frequency division multiplex 
processing to obtain an OFDM modulated signal, and 
then supplies the OFDM modulated signal to a frequen- 
ce cy converting circuit 23. The frequency converting circuit 
23 converts a frequency of the OFDM modulated signal 
to obtain a high-frequency signal and then supplies the 
high-frequency signal to a transmitting circuit 24. The 
transmitting circuit 24 carries out amplification of the 
45 supplied high-frequency signal and so on and then 
transmits the signal through an antenna 25 by wireless. 

An arrangement of the data generating circuit 1 will 
be described. An MPEG (moving picture experts group) 
encoder 5 is supplied with music data (audio data) from 
50 the input terminal 3 and compression-encodes the mu- 
sic data to supply the com press ion -encoded music data 
to a transmission line encoder/ error correction code 
adder 6. The transmission line encoder/ error correction 
code adder 6 divides data of one symbol amount into 
55 data groups each formed of adjacent two bits and allo- 
cates carries having different frequencies to each of the 
data group, then adding an error correction codes to the 
data thus encoded. Then, the transmission line encoder/ 
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error correction code adder 6 supplies the encoded data 
to a time interleaving circuit 7. The time interleaving cir- 
cuit 7 interleaves the supplied encoded data and then 
supplies the interleaved music data to a multiplexing cir- 
cuit 10. 

A transmission line encoder/error correction code 
adder 8 is supplied with other data (e.g. data concerning 
a music, such as a title, a name of an artist, words or 
the like, data of news, traffic information, still picture or 
the like, and so on) from the input terminal 4. The trans- 
mission line encoder/error correction code adder 8 di- 
vides data of one symbol amount into data groups each 
formed of adjacent two bits and allocates carries having 
different frequencies to each of the data groups, then 
adding an error correction code to the data thus encod- 
ed. Then, the transmission line encoder/error correction 
code adder 8 supplies the encoded data to a time inter- 
leaving circuit 9. The time interleaving circuit 9 inter- 
leaves the supplied encoded data and then supplies the 
interleaved other data to a multiplexing circuit 10 in 
which the other data are multiplexed on the interleaved 
music data. 

Under the control of a multiplexing control circuit 12, 
the multiplexing circuit 10 adjusts an order of the data 
in a frequency domain in accordance with a frame ar- 
rangement of the set mode. Under the control of the mul- 
tiplexing control circuit 12, a fast information channel 
(FIC) generating circuit 1 3 adjusts an order of the data 
in a frequency domain in accordance with a frame ar- 
rangement of the set mode. A frequency interleaving cir- 
cuit 1 1 is supplied with a multiplexed signal from the mul- 
tiplexing circuit 10 and an FIC signal from the FIC gen- 
erating circuit 1 3 and then frequency-interleaves both of 
the supplied signals, and then supplies the frequency- 
interleaved data to a sync, signal generating circuit 14. 
The sync, signal generating circuit 14 adds a generated 
time-frequency-phase-reference symbol (TFPR sym- 
bol) synchronization signal to the supplied signal. 

An arrangement of the OFDM modulator 2 will be 
described. A serial/parallel converter 1 5 is supplied with 
a frequency-interleaved output signal added with the 
TFPR symbol synchronization signal and supplied from 
the synchronization signal generating circuit 14 of the 
data generating circuit 1 , and then converts it into a par- 
allel data to supply the parallel data to an inverse fast 
Fourier transform circuit 16. The inverse last Fourier 
transform circuit 16 subjects the parallel data to the in- 
verse fast Fourier transform, i.e., sets a real-number 
portion signal and an imaginary-number portion signal 
of an output series formed of the respective carriers in 
response to the parallel data and then converts them 
into a real-number portion signal and an imaginary- 
number portion signal of a time series. The inverse fast 
Fourier transform circuit 16 supplies the real-number 
portion signal and the imaginary-number portion signal 
of the time series to a guard interval adding circuit 17. 
The guard interval adding circuit 17 adds the guard in- 
terval thereto, and then supplies the parallel data added 



with the guard interval to a D/A converter 19 through a 
low-pass filter 20. The D/A converter converts the sup- 
plied parallel data into an analog signal, and then carries 
out an interpolation processing. 

s An IQ modulating circuit 21 is supplied with the real- 
number portion signal and the imaginary-number por- 
tion signal from the D/A converter 1 9, and then subjects 
them to orthogonal modulation. The IQ modulating cir- 
cuit 21 is supplied with carriers having phases of 0° and 

10 qo° from a 0°/90° carrier generating circuit 22. A clock 
signal from a clock generating circuit 18 is supplied to 
the inverse fast Fourier transform circuit 16, the guard 
interval adding circuit 17 and the D/A converter circuit 
19. 

15 The frequency converting circuit 23 is supplied with 
the OFDM modulated signal from the IQ modulating cir- 
cuit 21 and then converts the OFDM modulated signal 
into a high-frequency signal to supply it the transmitting 
circuit 24. The transmitting circuit 24 carries out ampli- 

20 fication of the high-frequency signal and so on and 
transmits it through the transmission antenna 25 by 
wireless. 

A reception apparatus according to the embodi- 
ment of the present invention will be described with ref- 
2S erence to FIG. 5. A high-frequency (RF) amplifier/fre- 
quency converter/an intermediate-frequency (IF) ampli- 
fier 32 is supplied with a received signal from an antenna 
31 and then carries out amplification of a high frequency, 
frequency conversion and amplification of an intermedi- 
al ate frequency to thereby obtain a OFDM modulated sig- 
nal of a base band. The RF amplifier/ frequency con- 
verter/I F amplifier 32 supplies the OFDM modulated sig- 
nal to an A/D converter 33. The A/D converter 33 con- 
verts the supplied OFDM modulated signal into a digital 
35 data and supplies the digital data to a digital l/Q demod- 
ulator 34. The digital l/Q demodulator 34 demodulates 
the supplied OFDM modulated signal to obtain a real- 
number portion data and a imaginary-number portion 
data. 

40 a fast Fourier transform circuit 35 is supplied with 
the real-number portion data and the imaginary-number 
portion data of the time series from the digital l/Q de- 
modulator 34 and then, after a guard interval removing 
circuit 50 of the synchronization signal generating circuit 

45 38 removes a guard interval therefrom, converts them 
into the real-number portion data and the imaginary- 
number portion data of the frequency series. The fast 
Fourier transform circuit 35 supplies a real-number por- 
tion data and the imaginary-number portion data of the 

50 frequency series to a data decoder 36. The data decod- 
er 36 decodes the supplied data to output the decoded 
data to an output terminal 37. The data decoder 36 is 
formed of a f requency'deinterleaving circuit, a time dein- 
terleaving circuit, and an error correcting circuit which 

55 are successively connected in series. 

An arrangement of the synchronization signal gen- 
erating circuit 38 of the reception apparatus will be de- 
scribed. The real-number portion data and the imagi- 
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nary-number portion data from the digital IQ demodula- 
tor 34 are supplied directly to memories 42, 44 of the 
synchronization signal generating circuit 38 and also 
supplied through delay circuits 39, 40 to memories 41 , 
43. FIG. 6A shows an original signal formed of a real- 
number portion or an imaginary-number portion, where- 
in reference letters Ta, Tb and Tc respectively represent 
a symbol period, an effective symbol (data period in one 
modulation time), and a guard interval. A period Tc pro- 
vided at the end of the effective symbol period Tb is a 
period having correlation with the guard interval Tc. FIG. 
6B shows real-number portion data or imaginary- 
number portion data delayed by the delay circuits 39, 
40 by the effective symbol period Tb. 

Under the control of a memory control circuit 45, on- 
ly data (shown in FIGS. 6C, 6D) of a period which has 
a width of Tc/4 or smaller on both sides relative to a cent- 
er of the data of the period having the correlation with 
the period Tc of the original signal and the guard interval 
Tc, i.e., a total width of Tc/2 or smaller and which is long- 
er than a shortest period where substantial correlation 
can be detected are written in the memories 42, 44 and 
41 , 43. A correlator 46 detects correlation between the 
original signal of the I data and a signal obtained by de- 
laying the I data, and a correlator 47 detects correlation 
between the original signal of the Q data and a signal 
obtained by delaying the Q data. When the correlators 
46, 47 detect correlation, both of the signals are multi- 
plied with each other by a DSP or the like. In this case, 
the correlator 46 may detect the correlation between the 
original signal of the I data and the delayed signal of the 
Q data, and the correlator 47 detecting the correlation 
between the original signal of the Q data and the de- 
layed signal of the I data. Alternatively, the correlator 46 
may detect the correlation between the original signal 
of the Q data and the delayed signal of the I data, and 
the correlator 47 detecting the correlation between the 
original signal of the I data and the delayed signal of the 
Q data. 

The correlation signals having rectangular wave- 
form (shown in FIG. 6E) from the correlators 46 and 47 
are suppliedtoan integration-by-parts/peakdiscriminat- 
ing circuit, i.e., a time synchronization generating circuit 
48, wherein a signal obtained by subjecting correlation 
signal to interval integration (as shown in FIG. 6F) (i.e., 
a signal which has an axially symmetric triangular wave- 
form and which is inclined upward at a period of the cor- 
relation signal and inclined downward after an end of 
the correlation signal period) being obtained. The time 
synchronization signal generating circuit 48 is supplied 
with a rough synchronization signal from the RF ampli- 
fier/frequency converter/I F amplifier 32. A level compar- 
ing circuit is supplied with the signal obtained by interval 
integration in order to remove a noise, and compares it 
with a threshold level TH slightly lower than an ampli- 
tude level of the triangular wave signal. Thus, the level 
comparing circuit removes the noise from the signal ob- 
tained by interval integration to obtain a normal signal 



obtained by subjecting the correlation signal to interval 
integration. A peak position of the normal signal ob- 
tained by interval integration is discriminated, thereby a 
time synchronization signal synchronized with the peak 
s position being generated. 

As clear from FIG. 3 which shows a structure of the 
DA6 signal of the mode 1 , the frame formed of seventy- 
six continuous symbols (its number may be smaller, e. 
g., can be fifty-five, thirty-five, fifteen or the like) exclud- 
10 ing the null symbol is successively transmitted. In this 
frame, the null symbol, the synchronization symbol 
formed of TFPR symbols, and the symbols including the 
actual data are provided in this order from the head of 
the frame. 

An averaging circuit 49 averages timings of the time 
synchronization signals of the respective seventy-six 
symbols (its number may be smaller, e.g., can be fifty- 
five, thirty-five, fifteen or the like). Then, the averaging 
circuit 49 supplies the averaged time synchronization 
signal to the fast Fourier transform circuit 35 to control 
the timing of the fast Fourier transform, supplies the time 
synchronization signal to the data decoder 36 to control 
synchronization of the respective circuits of the data de- 
coder 36, and supplies the time synchronization signal 
to the guard interval removing circuit 50 to generate the 
guard interval removal signal. 

The time synchronization signal generating circuit 
48 also supplies the time synchronization signal to a 
phase discriminating/frequency synchronization signal 
generating circuit 51 . The phase discriminating/frequen- 
cy synchronization signal generating circuit 51 gener- 
ates a frequency synchronization signal by discriminat- 
ing a phase thereof and supplies the frequency synchro- 
nization signal to an averaging circuit 52. The averaging 
circuit 52 averages the frequency synchronization sig- 
nals of the seventy-six symbols and supplies the aver- 
age frequency synchronization signal to a D/A converter 
53. The D/A converter 543 converts the supplied aver- 
agefrequency synchronization signal intoan analogsig- 
nal to obtain an AFC signal, and then supplies the AFC 
signal to a local oscillator of the frequency converter of 
the RF amplifier/ frequency converter/IF amplifier 32 to 
control an oscillation frequency thereof. 

When a frequency deviation is 10 Hz, even if a pe- 
riod during which data are written in the memories 42, 
44 and 41 , 43 is set shorter up to about Tc/16, it is pos- 
sible to obtain the high-accuracy synchronization signal. 

According to a first aspect of the invention, the de- 
modulating apparatus for demodulating a modulated 
signal obtained by modulating a plurality of carriers hav- 
ing different frequencies by data includes a data demod- 
ulating means for demodulating data by frequency-an- 
alyzing a time waveform of the modulated signal which 
is formed of a data period formed of one modulation time 
and a guard interval succeeding the data period and 
which includes in the data period a period having corre- 
lation with the guard interval and provided at a position 
away from the modulated signal by the one modulation 
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time, a correlation means for detecting correlation be- 
tween the guard interval of the modulated signal and the 
period in the data period having correlation with the 
guard interval and provided at a position away from the 
modulated signal by the one modulation time, and a syn- 
chronization signal generating means comprising the 
correlation means and for generating a synchronization 
signal based on a detection output from the correlation 
means. The correlation is detected in a predetermined 
period which is 1/2 as long as each of the guard interval 
and the period having correlation with the guard interval 
and in which correlation can substantially be detected. 
Therefore, since the correlation is detected in a prede- 
termined period which is 1/2 as long as each of the guard 
interval and the period having correlation with the guard 
interval and in which correlation can substantially be de- 
tected, it is possible to obtain a demodulating apparatus 
which can provide a shorter time for generating the syn- 
chronization signal, a smaller consumed power required 
for generating the synchronization signal and a memory 
of a smaller capacity. 

According to a second aspect of the present inven- 
tion, the synchronization signal generating means com- 
prises a time synchronization signal generating means 
for subjecting the detection output from the correlation 
means to interval integration, discriminating a peak of a 
waveform subjected to the interval integration, and gen- 
erating a time synchronization signal synchronized with 
the peak, and a timing of frequency-analyzing the time 
waveform of the modulated signal is controlled based 
on the time synchronization signal from the time syn- 
chronization signal generating means. Therefore, since 
•the correlation is detected in a predetermined period 
which is 1/2 as long as each of the guard interval and 
the period having correlation with the guard interval and 
in which correlation can substantially be detected, it is 
possible to obtain a demodulating apparatus which can 
provide a shorter time for generating the time synchro- 
nization signal used for controlling the timing of frequen- 
cy-analyzing the time waveform of the modulated signal, 
a memory of a smaller capacity, and a smaller con- 
sumed power required for generating the synchroniza- 
tion signal. 

According to a third aspect of the present invention, 
the data of the modulated signal is an encoded data, the 
demodulating means comprises a decoding means for 
decoding the frequency-analyzed output, and the de- 
coding means is controlled based on the time synchro- 
nization signal from the time synchronization signal gen- 
erating means. Therefore, it is possible to obtain a de- 
modulating apparatus which can provide a shorter time 
for generating the time synchronization signal used for 
controlling the timing of frequency-analyzing the time 
waveform of the modulated signal and the timing of the 
decoder means, a memory of a smaller capacity, and a 
smaller consumed power required for generating the 
synchronization signal. 

According to a fourth aspect of the present inven- 



tion, a demodulating apparatus further includes a fre- 
quency converter means for frequency-converting a re- 
ceived signal to obtain the modulated signal of a base 
band, the synchronization signal generating means in- 
5 eludes a frequency synchronization signal, generating 
means for discriminating a phase of the time synchro- 
nizing signal from the time synchronization signal gen- 
erating means to thereby generate a frequency synchro- 
nization signal, and an oscillation frequency of a local 
10 oscillation means of the frequency converter means is 
controlled based on the frequency synchronization sig- 
nal from the frequency synchronization signal generat- 
ing means. Therefore, it is possible to obtain a demod- 
ulating apparatus which can provide a shorter time re- 
is quired for generating the time synchronization signal 
used for controlling the timing of frequency-analyzing 
the time waveform of the modulated signal and for gen- 
erating the frequency synchronization signal used for 
controlling the oscillation frequency of the local oscilla- 
tor means of the frequency converter means, a memory 
of a smaller capacity, and a smaller consumed power 
required for generating the synchronization signal. 

Having described a preferred embodiment of the 
present invention with reference to the accompanying 
drawings, it is to be understood that the present inven- 
tion is not limited to the above-mentioned embodiment 
and that various changes and modifications can be ef- 
fected therein by one skilled in the art without departing 
from the spirit or scope of the present invention as de- 
fined in the appended claims. 



Claims 

1 . A demodulating apparatus for demodulating a mod- 
ulated signal obtained by modulating a plurality of 
carriers having different frequencies by data, com- 
prising: 

a data demodulating means for demodulating 
data by frequency-analyzing a time waveform 
of said modulated signal which is formed of a 
data period formed of one modulation time and 
a guard interval succeeding said data period 
and which includes in said data period a period 
having correlation with said guard interval and 
provided at a position away from said modulat- 
ed signal by said one modulation time; 
a correlation means for detecting correlation 
between said guard interval of said modulated 
signal and said period in said data period hav- 
ing correlation with said guard interval and pro- 
vided at a position away from said modulated 
signal by said one modulation time; and 
a synchronization signal generating means 
comprising said correlation means and for gen- 
erating a synchronization signal based on a de- 
tection output from said correlation means, 
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wherein said correlation is detected in a prede- 
termined period which is 1/2 as long as each of 
said guard interval and said period having cor- 
relation with said guard interval and in which 
correlation can substantially be detected. s 

2. A demodulating apparatus according to claim 1 > 
wherein said synchronization signal generating 
means comprises a time synchronization signal 
generating means for subjecting the detection out- 10 
put from said correlation means to interval integra- 
tion, discriminating a peak of a waveform subjected 

to said interval integration, and generating a time 
synchronization signal synchronized with said 
peak, and a timing of frequency-analyzing the time is 
waveform of said modulated signal is controlled 
based on the time synchronization signal from said 
time synchronization signal generating means. 

3. A demodulating apparatus according to claim 2, 20 
wherein data of said modulated signal is an encod- 
ed data, said demodulating means comprises a de- 
coding means for decoding said frequency-ana- 
lyzed output, and said decoding means is controlled 
based on the time synchronization signal from said 2s 
time synchronization signal generating means. 

4. A demodulating apparatus according to claim 2 0/ 
3, further comprising: 

a frequency converter means for frequency- 30 
converting a received signal to obtain said modulat- 
ed signal of a base band, wherein said synchroni- 
zation signal generating means comprises a fre- 
quency synchronization signal generating means 
for discriminating a phase of the time synchronizing as 
signal from said time synchronization signal gener- 
ating means to thereby generate a frequency syn- 
chronization signal, and an oscillation frequency of 
a local oscillation means of said frequency convert- 
er means is controlled based on the Irequency syn- 40 
chronization signal from said frequency synchroni- 
zation signal generating means. 



EP 0 854 620 A2 



FIG. I 





-llK : lf-i 





Guard 
1 nterval 


Effective Symbol 


p. 

-> 



Symbol 



FIG. 2A 



Original Signal 



FIG. 2B Delayed Si § na| 



FIG. 2C 




Correlation 
Signa 



FIG. 2D 



Signal Obtained tjy j 
Subjecting Correlation 
Signal to Interval : 
Integration 



EP 0 854 620 A2 




EP 0 854 620 A2 



CMI^ 



CO 







CO 




> 


3 




o 


CD 




■H 




C 








"O 


d 


L- 




(0 




=3 




CD 


<c 


t 




+-» 


IFFT 


3 

L. 




c3 



oo 



&0 

c: 



CO« — 

o c 

— CD — 




> 

CD 

3 

CD CD O 
E-M ^ 
•— C- — 
I CJ> 



CO^ 



W3 



> 
CO 
Q>-H 

3 

CD O U 
E-H ^ 

— d — 



CD 

-a 
-a 

CD <c 

c 

— CD 
—I TD 

»- O 
C OCJ> 

o 

— c 
IOLU O 

— 

— 

E CD O 
C0"O CD 

c o 

CO O 

C O 
f— LUC3 



LO v/" 



Cd 



I 





i_ 


C3 
LU 


CD 
"O 


Q_ 


1 Enco 





to 



C3 



CO 









<D 




~a 




~o 


CD 


-s: 


C 






CD 




-a 


o 






— i-_ c 


00 LU O 


l/>^ — 






E CD U 


LOTD CD 


C O l_ 






i 






TO 








CO 








u. 




CD 




-C 




-H 




O 



6-. 













er 


C3 


Conv 



LO 

















CD 


CO 


> 




C 




o 




o 



CO 

c to 

00+-'+-' 

ro — 
• 3 
O CD O 
C C i-. 
>tCD — 



I 



E 

>> > 

O CD 
C CD-f 

CD 

3 J- 3 
CCD O 
CD-M 
C- 

-J- — o 



E 

















3 


UJS 


U 


di I 


o 











CM 



b0 

o — 

CD i— — 
3 CD 3 

cj> a 

o— 
LLCJO 



.CO 
CM 



&0 

.E+* 

+j*3 

arc 3 



3, 



CM 



CM 
CM 



O CD CO — 

a>- i~ 3 
c 

o CO CD- — 



CO 



CO — 
*- 3 
CD O 
O C 
— CD — 
U_CZ>C_} 





U) 



































J 



I 



X 
CD 



ao— 

— 1-3 

— C v_ 
3 O — 

T 



EP 0 854 620 A2 



CO 



CO 



CD 

-a 

§ 8 

" CD 



LO 

CO" 



T 











TO 


U 


> 


i_ 






cu o 






£Z 






c 


"a 


> 


i_ 


o 


ca 


£ 


3 


CD 


CD 


QC 




s 



=3 

a 



CO- 7 



(ZD 



a l. 

\ o 

— +-j 

CO 

CO 3 

— o 

bO E 
.— CD 
Ci c3 



CO / 

co^ 



a> 

Q L_ 

\ CD 
<C > 

c 
o 
o 



E 



CO 







o 


CD 


c 




CD 








cr 




<D 


"a 


u. 


e 


U_ 




\ 


Lu 


CD 


\ 








CD 




+-» 


a 


k_ 


e 


CD 




.> 




C 


Li- 


o 


ar 


o 



J 



o 

LO 



HO 

c 

— +J 
00 — 
03 3 

CD k- 

> ■ — 



LO 



cx> 







O 










c 


tz 












oo 










CO 






to 






c 


>* 




c 








o 










*i 


c 




+-< 








CD 




03 




CD 


i_ 




ro 






L0 


o 


a 






o 


CO 


CO 


CD 








_c 




I— 




CD 




Q- 


Q 


LU CO 


CD 


G 



ho 
c 
o 



CO 

c 



I 



co 



c/> — 



c 
go 



W3 

cz 



CO — 

b0 (O k- 3 CD CO i— 3 
CD Q_ O O E C CD O 

+-> (u t/> u — txoct- 
cz cd — — i — — cu — 



I s - 



o 

<0 
CD 



O 
O 



CO 



o 

E 
CD 



3E 



o 

CO 
CD 



O 

o 



5 



o 

E 
CD 



CD 



CO 



o 

E 
CD 



CNJ 
^3" 



O 
E 
CD 



>> — 
CO 3 

— U 
CD L. 

O — 
CJ> 



T 



CD 



o 

3 

cSo 



Y 

LO 



33 



>i — 
CO 3 



CD 
CO 



o 
c 

CO 



bO 
3 

o 

QC 



o — 

>- CO 

-H C 

g.5? 

CJ> CO 



CO 

'in 



to 










+-> 


W) 




CO 
1— 


3 
O 


CD 


i_ 


> 









LO 



EP 0 854 620 A2 




5 


6B 




6D 


6E 


or 


FIG. 


FIG. 


FIG. 


FIG. 


FIG. 


FIG. 



